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Lake Fish Tissue
Lakes and reservoirs provide important sport fisheries and other recreational opportunities, and lake ecosystems provide critical
habitat for aquatic species and support wildlife populations that depend on aquatic species for food. Lakes and reservoirs occur in a
variety of landscapes and can receive contaminants from several sources, including direct discharges into the water, atmospheric
deposition, and agricultural or urban runoff. A group of contaminants of particular concern are the persistent, bioaccumulative, and
toxic (PBT) chemicals. These contaminants are highly toxic, long-lasting chemicals that can accumulate in fish, reaching levels that
can affect the health of people and wildlife that eat them.

PBT contaminants can originate from a variety of sources. A primary source of one of the most important PBTs, mercury, is
combustion at coal-fired power plants and other industrial operations (see the Mercury Emissions indicator); mercury emitted to the
air can then be transported and deposited in lakes and reservoirs. Among other important PBTs, most uses of DDT became illegal in
the U.S. in 1972; production and use of PCBs in the U.S. were phased out by 1979; chlordane was banned in 1988; and dioxin
levels in the environment have been declining since the early 1970s (U.S. EPA, 2009).

This indicator is based on tissue samples of predator and bottom-dwelling fish species collected and analyzed for EPA's National
Study of Chemical Residues in Lake Fish Tissue (U.S. EPA, 2009). The data generated from this probabilistic survey (Olsen et al.,
2009; Stahl et al., 2009) are designed to estimate the national distribution of the mean levels of PBT chemicals in fish tissue from
lakes (not including the Great Lakes) and reservoirs of the contiguous 48 states. The indicator consists of statistical distributions of
the concentrations of 14 PBT chemicals or chemical groups in predator and bottom-dwelling fish tissue, including mercury, arsenic
(total inorganic), dioxins/furans, total PCBs, and 10 organochlorine pesticides.

Fish samples were collected from 500 lakes and reservoirs over a 4-year period (2000-2003). Sampling locations were selected
from the estimated 147,000 target lakes and reservoirs in the contiguous 48 states based on an unequal probability survey design.
The lakes and reservoirs were divided into six size categories, and varying probabilities were assigned to each category to achieve a
similar number of lakes in each size category. The lakes and reservoirs ranged from 1 hectare (about 2.5 acres) to 365,000 hectares
(about 900,000 acres), were at least 1 meter (3 feet) deep, and had permanent fish populations.

Because no predator or bottom-dwelling species occurs in all 500 lakes and reservoirs, the study focused on 12 target predator
species and six target bottom-dwelling species to minimize the effect of sampling different species. These species were chosen
because they are commonly consumed in the study area, have a wide geographic distribution, and potentially accumulate high
concentrations of PBT chemicals. Sampling teams applied consistent materials and methods nationwide. From each lake or
reservoir, teams collected composite samples of five adult fish of similar size for one predator species (e.g., bass or trout) and one
bottom-dwelling species (e.g., carp or catfish) where one or both were available (U.S. EPA, 2002). Sampling the 500 lakes and
reservoirs yielded 486 composite samples for predator species and 395 composite samples for bottom-dwelling species. Fillets
were analyzed for predators, and whole bodies were analyzed for bottom-dwelling fish. Fillet data represent the edible part of the
fish most relevant to human health, while whole-body data are more relevant to wildlife consumption. A single laboratory prepared
fish tissue samples for analysis in a strictly controlled environment, and tissue samples were sent to four analytical laboratories.
The same laboratory analyzed tissue samples for each chemical group (e.g., PCBs or organochlorine pesticides), using the same
standard analytical method, for the duration of the study. Concentrations of dioxins and furans were reported on a toxic
equivalency quotient (TEQ) basis, which adjusts for the different toxicities of the various dioxin and furan compounds.

Concentrations of mercury, PCBs, dioxins and furans, DDT, and chlordane in predator fillets were compared with human health
screening values. The mercury screening value is EPA's tissue-based water quality criterion (U.S. EPA, 2016). The other screening
values are risk-based consumption limits from EPA's Guidance for Assessing Chemical Contaminant Data for Use in Fish
Consumption Limits: Volume 2 (U.S. EPA, 2000).

What the Data Show

Mercury, PCBs, dioxins and furans, and DDT are widely distributed in lakes and reservoirs in the contiguous 48 states (Exhibits 1
and 2). Mercury and PCBs were detected in 100 percent of both predator and bottom-dweller composite samples. Dioxins and
furans were detected in 81 percent of the predator composite samples and 99 percent of the bottom-dweller composite samples,
and DDT was detected in 78 percent of the predator composites and 98 percent of the bottom-dweller composites.

Median concentrations in predator fillets (i.e., half of the lakes and reservoirs had fish with higher values) were as follows:
mercury, 0.285 ppm; total PCBs, 2.161 ppb; dioxins and furans, 0.006 ppt [TEQ]; and total DDT, 1.47 ppb (Exhibit 1). Median
concentrations in whole, bottom-dwelling fish were lower for mercury (0.069 ppm), but higher for total PCBs (13.88 ppb), dioxins
and furans (0.406 ppt [TEQ]), and total DDT (12.68 ppb) (Exhibit 2).

Exhibit 3 shows the proportion of lakes that exceeded human health screening values for five commonly detected chemicals.
Mercury was detected above human health screening values in almost 50 percent of the lakes sampled. The percentage of lakes
above screening values was much lower for the other chemicals. DDT and chlordane were detected above human health screening
values in less than 2 percent and 1 percent of the lakes sampled, respectively.

https://cfpub.epa.gov/roe/indicator.cfm?i=14


Limitations

Survey data are not available for Alaska, Hawaii, or Puerto Rico.
 
The Great Lakes and the Great Salt Lake are not included in the target population.
 
Because the distribution of sampling sites was based on the frequency of occurrence of lakes and reservoirs, contaminants in
lakes and reservoirs in arid states (e.g., Arizona, New Mexico, and Nevada) are not well represented.
 
Due to the inaccessibility of some target lakes (e.g., landowner denial of access), the results are representative of the
sampled population of lakes (approximately 80,000) rather than the original target population of 147,000 lakes.
 
Trend data are not yet available, as this is the first time that a national lake fish tissue survey has been conducted using a
probabilistic sampling design. These data can serve as a baseline for future surveys.

Data Sources

The data for this indicator were obtained from EPA's National Study of Chemical Residues in Lake Fish Tissue (U.S. EPA, 2009).
Information about this study is available at https://www.epa.gov/fish-tech/national-lake-fish-tissue-study.
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